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[Type of Document] ABSTRACT 
[Abstract] 

[Object] To improve S/N and reading resolution of a read signal while a scale 
of a hardware or its price is suppressed, and improve reading accuracy when a 
15 reading depth is enlarged or an uneven portion or blur is present on a reading 
surface. 

[Means] A signal including binary information having a predetermined 
information length arranged one-dimensionally is captured from a medium 1 , 
information relating to a basic unit length in the information length of the binary 
20 information is extracted from the captured signal, and a ratio of the information 
length of the binary information is read from the captured signal based on the 
extracted basic unit length information. 
[Selected Figure] Fig. 1 
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-M^^^T^ai$ftfcH^bx-^^^irfEr{f^$g©if^(Dj:b^i+k^ 

(16) 



)PDFI± FinePrint odfFactorv Mffl^r-^J*^ft^| 1 l- / h 1 t.?^//www.nsd. C o.iD/ S hare/ 



^S^"^ - : 01-52312 

kz.&V^j'JZMt^b LT^"9iAtf{f-§-^Mir, M^mmm^tHir^m^ 

t, mzz^ $ ^y\$jzi£^±m^m&E.mt7 ! —? t isxmmi-z>E.mkut 

-feU^te bar[/im]^ mJteM7fe(D^5l^ v m a x [m/ s ] b . BufSi^ 
>-:/y ^jl&ft f s [MH z ] icOlSt^iW^ 2<fs/(2*bar/vma 
x) ^10f«iLp5C^#f i:LT^5 0 

tti $ i-htc m&m mm^n i-s^ i * x mifs^iAff ^ o^t m%±m *m l /c 

v ^ x (Dmsim^ ? (Dmm^'— ^^ts m^f— * n mm t , m&m 
■&T'-?wmmcxw&£thtz&m±^'-?xmmm&m*'<? b^nm^m^ 
m^.-t^uw^^'s.ub, mnm^^iEn^xmiE^ntcmm^-<^ b* 

nmm^h OH z ^|5^<#^(DfcSjl«^-hlE»M^i: LTttttJ-fSffl 
ffi^<h£^#xTfif/&$ftfcr b *WiWLb LT^-5 0 

fa h (Din -^^(Dia -S§-£*a /uX\ ftimmfofa <b (Dit^Xti £ ftfufEco $ ft 

fcfw-si-tf) o hx\ -imtmn^mm^thtcmitfahfDm^u^c^^xm^ 
mm-tz>^b*w$kb l-cv^^ 0 

(17) 



)PDFI± FinePrint odfFactorv ISffl RfiT'f'tf^.^ft^l .t- httD://wWw.nsd.co.io/share/ 



^TtiTS^i? ***** * 5 U iffB^SsoS 

0H Z ^m<^M<Dh^mmm^±mmw t mtLxmtiii-?>zt^mtL 

• «*tttttH«***fcjl, fflB»AttS0fitiffi#, «rtQ«C»^6*Dii**i™ 

(18) 



5PDFI4 FinePrint odfFactorv ttHSt^rt^llf/^Z/w^j^i,,/.^/ 



HlJIl-iir"^" : 01-52312 

K o v n T fflf jftttl PS L T Httftt Z> mm * -C- *• , Ak<0«l«gfHS <b #81 $ -fr T IS 
i>t5wi:iS-C#5©-e, wOgS^f^-«ia^--y hcDgB^cD^ftiiWltfft&ug 

© it S: 5 i <t *s -C # S © T? , \M<D HJ K S3 ^ T «J£^l|ctt £ j&SS 

i-tt-r, flr-stftarspj* (s/n) ^m±.^^>^tx\ m^vT(D^±, m& 

T t, Zlffi-fbfflf <Sr *!< £ tfs # 3 © t? , £Sfifl*/£ tf> tcib(D^~ 

*Sr^-Cttl;fr*»e>©flr#SrA^ Six, wOA^i Stt/cfi -§•<£> 5 *>"C, ZHttffcttf 

?)^t5l i Scot, ^gco^SA#^^MS-tirS £ tfST*# SfUjfctfs 

<fo <5 0 

-£Z>ZbtfX£Z>m&tf$bZ 0 

(19) 



)PDFI± FinePrint odfFactorv Mm Rffl»ffeB!?.^*L* I J^httn;/ / www.nsd.co.iD/share/ 



; ****** bmm^mjE-fz t i % hx -mmmmkl 

- * ^^ccd o^me^m^tf 5 ~ t i > 
r? £ f f a ° T> Aft**'** ^^«Mm^btrv^^T'feo 

©ccd tf>#$fg^£i, 0 T t t - 9 *rfflja*«iar. a 

M^f A***, ¥H4*^ h^§l«©*^Jt«K:j:oTttttJ1-irfcaJ 
(A-i) ^Wo-^Mijsaisjx^^^ KSE»g««±ftfl|ig© 



*«»iAfi, ^Mt5LDla-lHmiH 

(20) 

>PDFI± FinePrint odfFactorv l*fflllfi^^ f #^^*^lt 3 n 4 ://w^w.nsd..co.io/ s h a r e / 



01-52312 

® 5 3 a^fC^T, ±t&(D\?— AftflJflWtSfL* «fc 5 fcfag &*lfcs<— a — 
K i co#H^-ft^L6^— K:, Fiix.tt*&^^^^S(c|^7i^*-f^t:- (El 1 a 

Ttn^iaiiBii^lbioil/iillgl c^^^xiXl^o £ 
S^feSB 1 b fi, Jrifetfv^— a — K 1 icWM&fttctf— J»%<DR$fiib%:^ts 

S t£ if te 3 £ -f t <0 X 6 o 

3teSfe7£fBfc:*s^-CH:, AD^^Wl d^mfC, m^^TOtoS^tcfe 

3tej£3c8BlA, Tto^Wl Bfci^ADnyA-^ l dli, flftfeWEI 5 
9{d^i-^cO(^F-§-l 0 3 A, 10 3 B*5«fcT* 1 0 3 d #f|g) t m£W\WiX&>Z> 0 

Hti&&% 1 A, Ttn^I^ l B, AD a ^ 1 &RTf-m<9 ffl LflJ 1 e 

(± , «fr j&» b Ff £ co tf #S 3r W L X IBS $ *i ZHWbflWR * a tffs ■§■ £ Si 0 & tf 

iitMas lea, «? tu vu i e , a^siWrttfiiijistK^ 1 t , ■ 

^b^— = — Kb LWf#cO^$rJ4ffl-r3fc<a-CS>5o BP*>, -SO «5 ffi Lgtf 1 e fi 
, %kXffi&irZ> J; ±J£<oad=«w<— ^ l d*»&A^j*ixfcft-l|-«)5*>T? 

aiESkSrttai-rs-t^a.— /u«asE»*fiaffl 1 g, ^jssaicttajaisi gt-r 
is-t-5mr«js»ji»*5>*aa*fiJi h*5«tiwiw*wjK##tea«pi h^bcoft-^cDx— 

/u^fe«B*fiaifP i i ti, ±&<Dmmm$ri&fflm%&ftMi ixmmi^tc 

*y^(sti:Lt r+u , roj , r— i j (OE.m^—^t\.xmtiir^E. 

1 1(4, JgteWm^fCTttm^tbfc^^ ^ V^Jc^ofcll(|il{j£^Hfi£{k-r— ^ 

(21) 



)PDFI± FinePrint odfFactorv jafflBfff 4tl#.;*;h.*f.f- ^ htto://www.nsd .co. in/share/ 



?*SSB;£? ESS? 55*** u h 

Stl£« In=X ^^f?***^**! endive, 

(22) 



3PDFI4 FinePrint odfFactory iiffl^T-^)*^^*| 2 l / hl? D 4 :// WWW:nsd 
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MJ§#-§-: 01-52312 

mm1-filt. *iS~-Ji'&UmmtemMl iter, 3ffl£UfjrttiMKf&#ft 1 f 
fco^^?y^ot, ««ffim£ftfcf)R#{S-§-l q^tltlfilSr^ijmLT^ 

Hfls-fkfflii i (c^v^r, _kffrft-§-i t7)><b r+u % r o j , xn t-n <d 
^-fn^^cHffi^L-r^^cD^v 5 ^— /^mMmn 1 mic^ts at #1 u #bb 

u-<yKcJ: 9 atm&tbfc:^- ;w^- LTtfV*— a— Kit #2r*fcU U 
SftCHf) - ^ Sr«Wt5 ( 1 w) , 

sot, 3iflr{woiEiisic*5V'»'ri±ja:w«tt*j^»i*i", flr-§-*t*iiWJt (s/n 

S/N) *|fil±$"ti:5r.i:iS-C#5(7)-C, ±5z£ RltRofiJ^as fc3 0 

(A- 2) ^HSfe^BoS^icfei/^-c^v^tbS h7>-^^-t;>7^;u^(Z) 

^^Utt^^^tlSrV ^^7^^T?fco-C, mm&2 a-l~2a-8 
, fH&g§2 b - l ~2 b - 9, &?Ptt3H£2 c *3j;V9o(D^ j/T'ffilBfcSrfttfL 

Yn = £C i Xn — i • • ( 1 ) 

(2.3) 



DPDFI± FinePrint DdfFactorv MffltKrM^fife^iX*[ 2 A- / hltJ//www!nsd.co.iD/share/ 



(a- 3) m&kmtotcxfm&ti&it+mmomfiKwx M ** :01 - 52312 

o 

H4 (a) ~E|4 (d) tt^r*tt>**i|fi^ffijc43»t5tt®«! ! aS|j 1 ctfCDft 

M4 ( c ) fo^-rj; 5 (ca^ (x) r 0 j N roj r i j ro 
V , r , 0j (rasio*«ittje#fla).asA*sixy5:*-d-; nu 

m^tSr^^^^ r ° J * FlJ ^ r ~ 1J ^ f °J (ttttft* (y) - m 

r i j frt, roj fc^bLfcitoijx^ttmj-fx^ 

a*JTftofc»#K:riH4 ■ (b) © j; p {C^Oftv^o t ft „ , -n«t Ofc* 
^WWC«^««fftoftH|*tf±H4 (d) J:5fcff»o*v^»* 

JBBifcB, rtij;^S^F^[lTft#MSrfT^5i, El 4 (d) ©j: 
_ LfcJSoT, *M»ffilcfelt5»B»«iii«ico»«S!|R<KMtt-u-ci± ± 

(B-l) **ife^l»»J:^»5/-«--=i-KttIRigll©«J!JaL«OBlW 

o c. -m&mm o d^^ m « 3 o e ^t^mlllxtl 

o 

£*F««#te3!as 3 0 ctt, AD = ^W 1 d ri^A^ £ftf-^ v?*,U^ 

(24) 
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Sl3Ii§ : ~>§" ■ 01-52312 

r-fc , &W)¥-mu 3 o e it-m^mm 3 o d \zx -mfYW&mvmztitzT-' ^ 

tcbx.U, AD^y/^- ^ i d7^iblH6 (a) k^1r£.ot£T-ru ( x 
) lcov>Tco^V ^^/u^m^tLZ-cfw-^^A^^^, /S^^MM 3 0 c K: 
jo^r/S^^^S^Mi-fwitciD, HI 6 (b) iCTjk-fXoteT-fWmt 

dlCT^^S+^^iS^liLfcCO^^ femW-ttjUZ 0 e (Cjo^-C#iJx(4'3 QOZ y 

■^(D&mw&iZMm-tzz. ticx k> , m& (c) iC7jk-r£?fj:Ti~vymm ( y 

$ bic > 0 b li, L£vMiI£iM^3 0 f <tW:^3 Ogi 

±izli.cO#tl!ctttB§P3 0 a {CT^(±i^^fc^»J^(D§+^m(-o^r, it«lH5 3 
0 g^&^-C, r(D|t»^m^ft<b L#VMil:^a!3 0 f ^Xi£W£fotcmfe(D 

mt<D±^m^L. Lt^^m^m^tcm^n. mm&m^&KDmnz tuts. 
- vi&^zxtv^m^bmfe-t&e RWh. 3»3 o d^^^xmrnmir—? 

m.Mi-ix«\ Ji^cD^iStttffigp 3 0a *5 «fctfTO£«R 3 0 b iC X V , &.%M 1 b 

fcfit (y(rnax)) lc*5»t6¥flt (y(half)) Ut««f Ltfet, ± 

5B<OJt|ftSl5 3 0 gtsivy- hgp 3 0 hlC*5»j--5A^3fS#O^J«3 tti LW±m\Cfofz 

L-Tfc «fcV\, 

wOj:5 4i^J:!), tfJ 3 tij U*B 1 e "Cli, {S#&Ei 9 i&tf iz.3b1t «3 , -flic 

{b*«*siE«sixfe<at*(^— =— h*)frb<Dm-%-sxf\-<Dm%-&^AsX\ /<— =«— 

Kfff*4rA^3$ix, WStt4ffl*B3 0 a J; tJ^TOglS 3 0 biCjoi^T, ^cDA^fl 
*fl;3l£fflV^ci:{£j; 9TOU y— hlfB 3 0 h Jc*jv>T, ¥IJ5£SB 3 0 b 

^coj; *HJIi^l(BK:J:nti, #WttJ^3 0 a *s J; T>*TOSB 3 0 b (cfe 

fWC^&£ftfcfc<Z)T?fc3ri»5a*&Weu h«|J3 0 htC*5^-C, TO*§ 
*fc2£^ * R&ffttco V *X mm.it ^c^m £ ftfc h CD T' & 5 t TO $ tLfcff 

m $ tufc t cor* -5 t $ ttfc ttlfciiflr* b Lt® !3 iitf A» 5> 15*^ 

$ ^{c:, *3RJ6?KllBtcj;tLWr % ff-IMai B, id, l e K*5V^flt#-t» 

(25) 



)PDFI± FinePrint DdfFactorv itmmX'i^f^.^i^^?3-'^t±o://w^.nsd.coAo/sha r eJ 



- -A-Ji^fe^^ft; -©A^ixfdfW^T ±WblfI||" 

^ (B-2) ***»«o*^ic^«^-=.-KttaMo«I9aL«iJ©K 

, m>¥m,3 1 e, Ml L#VM«S*»3 1 f , »ltt«»3 1 gteo\4tt 
, MMSO^ (^3 0c^3 0g#|) *W*©a»*LT^6 

0 

o^t. slum, , «*&ojt^ K ^<™iSLM^&£ 

(26) 
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^3#-S§-: 01-52312 

ftfc co-Cfc 6 <h ¥U3t $ iitc Era coil #j*^tco v ^ te'&&<D{m tH&molz £>co 

-Oi 5>5c«fiJctc:«t «5 , Sr^^l b T^^tifcftas^Slffi 1 A ft 
tz?t<D/<— a— K Wills) ^-rsKtt^-^feS^^^J^i-Sicfc^oT, 

ja^f*»^-*aa«B 3 i c T-^i^m^o^T^Ms^is u zMii3 i 
d -c/£«isasc^«!.a«p 3 1 c^h(D^m^-m^tc<Dib, i&m^-mnz i e 

flSSr^X-TV^A^^Sr^J^i-So y-hl53 1htflt # 1 Jfctfctt 3 - 1 g a» G> 
«OJ|9J)fefe*fc36^v>Tx &W)¥-mwm 1 co U t vMS^x-C i/> -5 £ ¥U£ $ ftfc 

^ * v ^ *ij s $ ft fc^-a- k « > ^ ~ mm * i -r 5 . 

$ e>fc, ^-mmnmu 3 1 i vmi h a>ibw*$ft^ra $ 
(ff#Kio^To^j©«srjim-r5— **tetttij*is3 1 j h33ih 
a» ra - *ft # ic oi^-c <D ^^fs: & « ta -r 5 0 

l^*§(53 1 k-C-fi, ±&o**:{jlJi&tij8P3 1 j {c-cttffl$ttfc**«*- 

> ¥^fii[*ttiffl5 3 1 i xwmztitcw-mmxti&n-rz ^iia?, *ra*JHini<o 

#2Jfc|&8B3 imm Gfc»S($3 1 k|CTtf*3ftfc^«£**ffi£(&|fc2S 
Z&tbfr-tmm&k, 312 L£vHttflM**H$3 1 l fc:-Cfiy$$*Lfcf&2 LtvMtti: 
&J*tfcU Jttfc^JJ&ljr**-*'— hSP3 1 n {c: tUTrf 5 „ 

^- h£B3 1 nT?fi % &2Jt«ifR3 1 ma»e>©Jfc«W£fe*fc26<Sl,%-C, l&jl 

©afflS1Hfi«fWIR«[^|f|Ji f iifJiEigfc^li?2<DLtvMjiJ;9 t, 

fct;L«2\ AD3y;WldH09 (a) tC^-T £ 5 a ^» ( x 
) Ico^TcDt^ v^/i^m^ftfcm^A^ft, £f»^W3 1 c 
«tV— *ftta«S3 1 dtt*sit5«.aSriaii-i irlcfc 9 , HI 9 (b) tcjjv*- J: 5 fc 

- h£B3 l hiCT^OO ffi$ftfcEraof&#©*:*cflSS:, H! 9 (c) td^-Ti ^ 

JMIWSW&ftS. 

-^^(cjoVNTtt, MFB3 1 hKTW0m$*i,fcEra©«#— *flH§-3 
l-.2a~31-2cC5 *>"C\ 121 9 (b) fcL^-TEIHJ 3 1 - 2 a 00^, HI 2 
Jfr&ffl5 3 1 mtt LtVMil^rT*^^ tflJ^-fSi, C^EW 3 1 - 2 a 
(El 9 (a) 0^3 1- la#|) = — Kft#i LTBl!) &*ft, 

(A#ttfCf^;BMffittfnm&&3ffi 1 f) t-tB^ft-So 

IH 9 (b ) «t»{i*5V>-C, ^— 3— Kft-JHU^WEW 3 1 - 2 a *3«tt/2 
Mffi<DS 4 XMODEM 3 1 - 2 b , 3 1 - 2 c C0^~^ff U 
fi^ft^ft ro. 009384J „ 10. 009380 J , ro.008213j T\ ^ifili-tn^tl r 
0.00163J , ro.000548j , To. 000455J T'fc >3 % il^l^3 1 k 

JHS*fcov»-ctt, *ti-eti rs. 757 j , rn. i2j , . ris. osj t^s 0 

C05»-^tc:*5V^T, ^2J*(R«|5 3 1 mldTttg?-r^SiiW^2L#VMil% TlO 
J t^tS^if, Era 3 l - 2 a co J; 5 (ci, f&m.%mM3 l\zti>b(D®iMf& 

rioj KTtfe^B^-n- Km-^coErairfij^-rs-^-, Era3 1-2 

b, 3l-2ccoJ:5lc, R^H«Q!9ffi3 1 k JHSJfttf rioj =fc^^:t 

(27) 
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, v-A-wt*, mt . Sa#-§-: 01-52312 



• flWW*ttl«IJ3 0.afc*J:tJepO^»3--0 b frfc^Tttgftft 1 b 

i f (co^t, gimaRw-ra. 

(c - 1 ) *mi&mi&\zi3tt sMcmmim&imnmvvim 

■^-3- Kanft&Ufcts^Ttt, Z<D X o t£s<-=2- h't Zti1ti><D\zMLX 

d. in (a) -in (d) mm) . 

&7c\zttwiim&im\zfrttx (Hioc^ee, mil ( e ) *bb) - 

^ g ' J Xtt r ~ 1J ® H tt^Srf?ftoTV^5 (010, @l l ( 
Tffir#f|iiJ|5g&g£ifcLfc^ H«[{fcttf«©fl!r**Oit KflN8) 

(28) 
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) ~ (4) ttf£oT»j£U fiti^tticov^-cti^ (5) iC^otftStS, 
&*5, sa: (2) ~ (4) mtsv-c, f si±ADny^-^i d©ty7°yy^ 

h&T1-ay?j;U?{c£^xmF&irZ>m&l<CtePJ,T(Dl£ (3) ©i^li^If 
&>5 0 ^Tc05tld*3^T, fraodfi, /W^zSftOD 1 / 2 G0J1$ 

cos ( ( f - f mod) 7t / ( 2 * f mod) ) : 0 ^ f ^ 2 * f mod 

- (2) 

cos(((f - (f s - f mod)) ?c/(2 * f mod)) : f s - 2 * f mod^ fgf s 

- (3) 

0 : 2 * f rnodg f S f s — 2 * f mod 

... ( 4 ) 

0 [rad] = - te / f s * f + tt / 2 (-f s/2<f <f s/2) 

- (5) 

-CD#t£M£, f s^n (nfi, 2 (D^tm t Sffc) -C^KRI^SflL, ^ 

-f/i'* SRHdtt, JMTO*t (6) fcj;^ (7) K^k-T X o CWR 

efc'iVAIllilmS:**, CW^LTI F F T (Inverse Fast Fourier Tran 
sf orm) H-^MS^iT^ ot, 7 ^ /U* C 0~ C n-1 tiiir 6 . 
Re(n) = g n * cos (9n) ••• (6) 

I m(n) = gn * s i n ( 0 n) ••■ (7) 

^ ^-Ct#btufcffiCO~Cn-l<D HCn/2^7^/U^^ j/T'cDirV* — £-t"3 

##^T'{C, ^-^3.— frMWU&<D 1 / 2(Dm$.Wt f mod^S910kHz©B#CD-yW > 
«rtt, {fc*i«M4&tJ«ft*ii*ffi»S:*i-H*-tix^ixia 12~@14I^ f mod 

7 fc^i-o 

-Tftfc>*>, room l 8 tc^i-J; o \z.^ ATJff-SI-O^v^ — ;\smWL$k<0 1/2© 
ffl Wl / 4 X £• L T M fcft i § „ 

7^y^»^ ^J^SfcriSA^ff^co^-i^— /uji z£Sfcco 1/2 
(Dm®.%L&<9 t>/h$<KSUfcii'S'tt, ID 2 0}c^i-t±l7:{w-i-coj:5{-> 

(29) 
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-|U-i -2-(Z*5l/ATfi A-D-3 -y^- # 1 -d (C-.t 3 f-^ 7° i) >?/JSjfcjfcJtr 0 * - 

MH z Ci^OMMLt, +>>7°y >^Jiz£$C©MJ; i? ti^2MH 

y ^^«ft«[©#«J:!3 fclfc^5MHz©1l!f«t?»^«ia*fir4 5cias-c#5 

* v? a. - A# * Hi ffi 1 m (d *J V > -C, -fiS{btt ffc © t»«* © Jt o TV S . 

d» e> 3S ©«# W § * Tic o V % T \z. Hf § © & 0 , r. ©* JSfijF 
^Sic iot, i/T V \f-Mz. «t 3f£#fc «t U«[fiIiES©jiMl>T^#14^©g 

TV^*S, -?T©fC fJiRWfCCD (Charge Coupled Device) 'j*PT*/<-3- K 
/ ° * - y U /<- a - K* * 7 * * 6 <b 5 C«t #1* 

filxtf f =0~f s/2(C*3V^T9 0mi^©^©#'l4i LTt^\ 

(c- 2) *mM&n<Dmmk&vz%m&m'4kftmm<Dmw<D%Lw 

±$© (A- 4) fcfc^Ttt, ^MI^IK^3SBlhicj3tt5ftairtfitK5> 

5 -tbicii^^^T, y^>-#tt<t Lr±^©cos#i±{cja{at/ct)©^ 

^Jxjf^T©^ (8) ~ (10) K*-fJ:5&cosH*4WtfcLT7-fA'*&* 

cos 2 ( ( f - f mod) 7c / ( 2 * f mod) ) : 0 S f S 2 * f mod 

- (8) 

cos 2 (((f -(f s - 'f mod)) tc/(2 * f mod)) 

: f s - 2 * f modS f S f s 

- (9) 

0 : 2 * f modS f S f s - 2 * f mod 

- (1 0) 

A^fs*©tettf#os**i*iiiiic*B^i-sjaiai[«ceft». xiifcra^* 

(30) 
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IHSH-fr^r : 01-52312 

fc*5, it (8) ~ (10) tcfci^-fb. f s HAD 9 1 dOty^U 

flrffi«HtSr^ajSElWfiH»C*3V'»-C 0 [rad]t£Lfc#^Klol^ Tift 1^5. 
iiLTt^^rfi, HI 2 1 CO <£ 5 .KDSio Z-tOti£MZ$LZ> b, ;<—=i — Kco{f-§-0DJi 

(#J;ifif^a— JgigtattJSBl i co^S) «77^{;: «t 5 0 ^ p * 

(c- 3) **KliJ|$J»K:d»*>*^— = — Ktt%HSSoai^M^fMI»{K^«) 
fft^ 

121 2 2 tt*asUiJeaiBlca\d»5'-<— a — K^^flOiiffiM^TOJPi^SP^^ 

--t% ^^a-^gtittia (S*ji«tttts§i5) i g f±, nmiaz&m 

WtikfttH-mM 11a, lib, F F TfclS 11c *3 =tt>*X-<^ h/U 

£SWftlgHl latt, ^>9fcHLg[Sl e (CT^DD tU$nfc7tm» 
^ftSHfifcfc-*-* «fc ^ft^tt^^A^KcfcS;^ /u^MSSr, Rfjid?^ (c-l) 

_ **&aifiu i biisw^iii i atcxtR^&aoit^ttfcflr**^ 

■St5t©T?, FFTWl 1 c(i, Z*Wl 1 b{CT-m^nfc^- 
flsfCoV^FFT (Fast Fourier Transform) t&M&MirhftXh V ; .X^ 

* h/u^— ^ji^ttais 1 1 di*, ±asoFFT*Q.asrfT*ofc3is*»e>ixfc 

^frM^MSfS (^TOJPSSU) lhtt, l/2fHWBl 1 e, 7 

-f^«»jmifflji i f *3±tf»^a*«iatti 1 g^t/£ixM^x, ^ 

i^T l / lie f£T 1/2 SrtHf UT^bftfcjgSiSfcttu K4- 

_k3zli<DF FT^JSSlU 1 cl:t5lt5FFT«lIia5, HI 2 3 \Z.tf 

, h/Uf— ^ 1 1 - 2 aCDJSiS^c^fflUjLfccO^, l/2ff^lle(C 

(31) 
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T±iE&£tj£tlfc*-^ 11-2 aOS&«ce0i/2Srft^.ji^.toa 

$e>^ y^^^imnta^i i f ^±^©1/211^1 1 eK-ctf-atsn 

fc j e^a-^afcjj[ttf«©i/2©J|iafc«:fiiiodS:<>tlc < iuiico (c-i) co 

0 fiP*>, ^■v ? ^--^JlSfccDl/2(Dji^mf mod^ffl^T, tfj^O^ (2) ~ 
( 5 ) £ §+g-f 5 d t «t <0 1# & 2. 7 4 (Dyj XKM4*j J; 0<{3:f@#f4^ 6 

So 

Sfc, g^3A^^a§|5i i gli% 7.4 /Ufi 1 1 f fcTJUiJSfLfc? " 
^^StiotF I R (Finite Impulse Response) 7 -f /L'^^cOxV 5?*/U 

/Ha #) jc o ^ r fif $ ti tc m#mm zm-r t> » -e *> 5 0 

5 * ^ a -/HI H1- 5 £ Jfc ffi L , Jfi a £ fifc* ^3. -yv*ttf # (£g<5 v ^ T 

ft*lftJ±$*SCidS"Ct55pJjfe*s*S. 

^ <b _tt{M»*©t* #g £ 33 Jt S K B8-T -5 ttf**tt ft U I* Hi 

, BU3$ COH2 2t^fb©tCJtLT, FFT^S5 (flF#l 1 c d^BS© 

(32) 
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SS 1 ©"^" • 01 — 52312 

2 2 ic^i- 1 © t k iwi#cotf ^ i v ft 3 ^ftiij Pi^^atp 1 h *s «t i>"^ 

#3b\ S^IJPS^^SIFR 1 h«M5z!iC0l§! 2 2t/Tn©il^i07^/^« 
^tt}§Bl 2 nfccfctfl^&^QfSS&l 2 o (i2 2©^ll ffc±U!llg 

fcTtm^mfs (-T v 5 ^ /Wi-SO tf> 1 -=e ^ — jvm £tt tii L 9 -5 
v^-/Wlz£MfcBg|5i 2f-U, cioo^i*v J ^-/^^t^^-cm2 

^i/~~;\sm&mzmft^&m2^z?^-;ummmi&tsini 2 f-2<t^^^x 

^ 1 ^E- v 5 ^— /Wj^^icttffi^ 1 2 f - 1 ^Ol^Tft, HUizEcOlgl 2 2 (C7K«fg 

um^- 1 1 a ~ 1 1 e mm unfair 1 2 a , -jh^m 1 

2 b, fftmsspi 2 cfej:^^^^ b^^—^mmntani 2 ait^^x 
xm^nx^^ a ^ot« mi^^^—^mm.m&&ui 2 t -l^xwuaz 

( c r t±j $ *i 5 ^ v 5 ^ - ^ ji &m t mm <d m m t c x <o m tu £ n fc t <d x h z> 0 

Sfc, ^2^.v?^-/^^ttai^l 2 f - 2«Mi-, iS9il2h.-l, 1 
2h^2, L P F (Low Pass Filter) 1 2 h - 3 , 12 h - 4, JgtfliE^I/ffcgR 1 
2 i , ■ h^WM\9-U 1 2 j , fifctiSfltSP 12k, 121, ^-v?zl — 

2ttt±l^l 2m^^^x-rt*/^)c$i^-CV^-5 0 

fiail2h-lll 1 2 b ^t©f iff (Xn) 

Id, m 1 ^^^-yUlSti^ 1 2 f - l tcxWhtifcm 1 co^v^-zHUfe 
Sfc f 1 (D&&m&cos(2 7i f D^fflj^S 9 , 12 11-211 

Z^MlfR 1 2 b ^6©^-^f t (Xn) {C, Igl^v^-vUMMfctlStf 

1 2 f - ncxnhntzm i (D^^^.~^mmm f i(oiE^m^c-sin(2 n f 1 

Lfc^oT, ^tL^cD^^(51 2 h- 1 , I.2h-2|CJ1^ ^ZiffflC 
oi^T, -/W^ifc f 1 £ffli^3C<ttcJ; t9^Tc05^ (1 1) „ (12) 

(D£oiz^<# b/Wfc1-<5=fc 9i;/ioti^. fc*s, S (11) , (12) icfc^ 

An (Re) =Xn*co s.(2)t* f l*n* t s) •••(11) 
An ( I m) = X 11* (-1) * s i n (2jt*f l*ti*t s) 

- (1 2) 

i^fr^ m^<Dm^M(D^i?^.—/um®.$k<Df&ft (2*.f 0)'i, fgl^v> 
a— /HSiftlWi&tMlS 1 2 f - 1 {cTtttti§tLfc^v?3.— yuJSS&fcf l teogl^ti 

, ±m(D-<? h/WbiCcto-c. s (13) tm-tz. t^-e#5„ 

Af=2*f0-fl •••(13) 

LPF12h-3, 1.2h-4l±, FIR7-f^^|C,t!)l|fifc$n, 

1I©a f /&#<z>^£&9 tH-ffc*(D^o-efc>? , lg*SjE&ffc$B 1 2 i f±, ±5$ 

OLPF12h-3, 1 2 h-4SriiaiLfc^<^ h/Hf-i-1 2 p, 1 2qOjgffi 

^J^TcOSt: ( 1 4 ) , (1 5) ■tCtttoXjE«Wk-*-St©"C*>*. 

Bn (Re) = t/f(An (Re) 2 +A11 ( I m) 2) * A n (Re) 

- (1 4) 

Bn (Im) = l/f(An (Re) 2 +An ( I m) 2) * A n ( I m) 

••• (1 5) 

1 2 ricoi^-c, a (16) {CTjk-rxo^, ly-^y/ummmmzittchv 

1 2 r iCO^T 1 ■^>^ , yU^fflil3yE$-e:5J13aEaj 1 2 j - 1 -*S «kT*fH3M§ 1 

(33) 
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o . a. - , . Ha#-§-: 01-523 12 

2 j -2*%t£x.Xmj$.ZtlX^Z 0 fcfc, ^T<D5t (1 6) J-jfc^T, BRXI 

C n = B n * B n - 1 (*) - ( l 6) 
*fc, ffiftW-JHfUl 2 kli, h/^^ft^l 2 j frbto** H/u^o 

8 suBSrJKtll-st , 

t) mmxnimmtme sumfrb, sin), (is) t^-r * 

A f = 0sum/ (2 re t) ••• (1 7) 

f 2=f 1 + 4 f — (1 8) 

*fc, _»«ia»i 2 btcfc^T^Mcojg ^fdifico^t2 sum* 

ML, FFTM12 cJc:fcv^23R*aa©Jai*tLfciBf*|coVNTH«ft^^ 

^h/Hcj;6^#fHT^i/\ Yj^~tmwmm&\ 2d(^^ a 

ffiftKft^1-S*H[OX*«iStS!ci:J|9j»fL, ft l *V b LXtHtft 

turn 2 f - ifrb<DM%<D®mmx*&tzm%k*?ui^ ~mmmm 2bt 
"C2*teai(o*$iifcflr-§-tov>-c«w«!.a*ifei-i: t fcfcjftjMB 1 2 h - 1 

i^T^+^if^^ LPF12h-3, 12h-4iCT, ttH«Sj:V 

s&k:, b*mjmrjmi 2 j jcas^-r, LPFi2h-3, 12 h -a 
^xmmfcf&ft*mikt$ntz.m%r<D 1 ^y^ju^mmm^ith(Db<D{mm^ 
*$>tc(Dh. itmmm 2 ktszxmftmi 2 1 kus^-c, v^wntm 
ni 2 j jj:T*»&*tfctfcffiis*»e», 1 *ya-/^tsi a/^,^ 

I; 'iS*™^?*"** ^ A f ^-^^ 1 *^--^Ji« f 1 fc;&D*Lfctt 

fc t £ fi, ft l * v 5 ^ -/V'JSttft f 1 # 4 5 4 l 0 1 H z <b tfH $ titdM^K 
14, LPF 1 2h-3-a>60(HMtl 2pttH2 50DK^l 2-1 a©£3{;: 
LPF 1 2 h-4A>feOta*ftr#l 2 q f4H 2 5 O&M 1 2-1 bO 

; t = 0 U s ]) fcfc^Tf*. im e it I- 0. 7 6 [rad]l Tfc 
0, »DttlL*T** (t = 2 0 4 7Us]) fc*S^T(4ffi« 0 14 r 1 . 1 8 [r ' 
ad]j tftotlf^. 

^fttCfc 19 , i 2 1 -Ctt^ffi^J 9 ffi LEWfcfc v ©ffcffig-ffc 0 sum fi 

(34) 
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* (19) l:J:9 T2. 9 4[rad]j t%\ti£nZ) 0 $f>i:, ^^-/H 2i 
tUftJ12m-Ctt, K^^ftScA f (CO!/>T, £(TcD5£ (2 0) <D&5iZ [ 2 
2 9[Hz]j X'h^tmtHi-^tt t(C (S(17)#I) , MlE£tLfcIE5t&*v ; 

yUJi&fftf 2tdo^-C, WT^SC (21) <Dcfc T454230 [Hz] J "C 
fe6<t#t±S$tLS (5£ (18) #flg) . 

0 sum = (1. 18) -(-0. 76) = 2. 94 [rad] •■■ (19) 
Af = 2. 94rad/ (2 i * 2 0 4 7(i s) 
= 2 2 9 H z •••(2 0) 

f 2 = f 1 + A f 
=454 10 1Hz+229Hz 

= 4 5 4 3 3 0Hz •••(21) 

<t, #«E3&»^*aaiBl hK>7-fyU^«»jim*|Jl 2nfli MidiO (C-3 
) Rale, ^«WJRffl©«^7-f/u^O»*ii^«:*«fc^LT, C£> 

7 -i /^^ffi«:S:fflv^•c, §1 0 m UftJ l e rt^olf -^S^i^&iM l 2 o(;t 

(C- 5) **^ffilcfcltsaffiM**WJIR*4>toai«©^^^— V'to 

H 2 7 *s ±rf H 2 8 fi, ±5£coMM^Wr^SG 1 f (Off* a 

*6fll«ll8*#*Wffi*l$ l h^-CW^ftJRRSixfeflUK^-f W M%W) &AJ]£tiX, 
Z.(Dt*4 i?#MM^o\,^X, ±m(D^i^zL— sumi&mzjfcCXy*— ?Wn$:m5\ 

ih' f-«t«5, flr#*FJ*35*#JIR$ixfcf*-r v^/Wf-sHco^-c^-v^ — /kliii£i&: 
a— A*3aMH*W«l$ 1 g KiTtttB^tLMv^ — /Ujl^^s HI 2 8^^i~E^ 
*SrM§lv^T, &J4©^a— y^f&g*ItetHS|Si i fctttfj-fa J; 5 fcfco-cv^ 

So 

#625 [kHz]j&»£> 1 . 25 [MHz]cDftS1<£>irSl$(|g| 2 8 ©«*©#Rg) 
fi> tt1£ffi!j|&tt&&S«|S l h^bOT"— ^ft^r l/2(cra§l< «fc 5 t-fcoT^S 
(EI 2 7 60^7 i y7 B S 3) 0 

PESK, ^i?a- /Hl&|£# 3 1 2. 5 [kHz] 2&»fe 6 2 5 [kHz] (El 
2 8(D^(3)#pB)^fe5^}c(i7 = -^4^ 1/4K:|HJ5I£ ^^S 4) 

. -t^^.— /^StSfcaSl 6 6. 2 5 [kHz] # lb 3 12. 5 [kHz] CD IfflOSWe (El 2 

(35) 
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-^ry/S 5-) 0 

"liS*^*^^*** 5 !- 2 5[MHz]^P>2. 5[MHz]^fc3*J£(l]2 8 

(Dmm(D0M) (4 , 5* - * fi© n § | # tiff 4 Wic^ojjt^.^-^ 

(c-6) ***^*t* > Nt5afflsiflf«fwi»«^aiJ©»2 1 M3mm(D& 

&,&©tftE^ 

^©0 2 2fc^rJ:5*at*:«ift«fc*«iW1-5afflfK:*sv^, OTKi^-f ±54 

Zi/7>\?-&&m^t>tiZ t 0 (b) fcijrf-J: 5 

»^2£?J* ,,Mt * i Hil#t-||» 

;©H7 2 Kerala Lfcv^fctt (3£*^&«t©2ffiF©jg&* 

(36) 
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■=E-v?n.— /um&lkliittito 1 g - 1 , 1 g - 2 (Cfc^Tft J^TK (C- 7) , ( 
c-8) T'flitS J; 5 )lfi3ftfttcj5SCfcS«<o«*flr^©^iaSfc^^:^ h/U 
«t 5 fi?#f ££m £.£fct>* 4tri^ v >t t> > iff J, Ayg-e^-ft; Sriit 

(c- 7) ^mmmmi^n^>mmm^mmm^ui f <D%2<omzmb l 
to^v'a- /ujBjftafcwaiifB i g- icoi^bj 

HI 6 3 fi_ha!co|I] 2 2 ICTF-T^— = — KM^tt0fflfflSffittiM|S&1R&ffi l f 

dfc^-c, /u^ttsctttms i g cftx.t*^a- y^«atti§i5 1 g- 

1 Srffiffi L /c#J {C o l^T^I - :/ t=z -/^m-cfe V) y ~ com 6 3 (C^i"^- v^— /Ujg] 
$tl£ffltfc}gG 1 g - 1 ft ffj3z£cO|2] 2 2 tC^-rtCDtCjo^THI 6 6 (D A\C^ X 0 
t£^s<i? h/\y^^m^iitcm^K^^Xh. rco|U2 2 td^i-^cotr^i-S 

MS (11 6 6cOB#ps) £iT#5 -t^riiCT, ttm-T-<#^-<^ ^£ 
^MMl 1 a, lifclS 1 1 b, FFTMISl 1 c, R&,&W\3mi 1 h 

, -mmmmui 1 i , ^M^mtttts^ 1 1 j , ji&i&^ttx-^-^ 
iik, is^n-nsis iim, s^M^^gn i i n , mmmmu n P , juirti 1 

«Ttc^i-jgS[«:ra5.|fflsi ih, r*»IStt-JMfPi l i, JS&iBcfBMix— *^<- 
^11 k*5«fcU!*jlffiIE#^at±}g|5 1 l j tcfc^-c, HfcffieolU 6 6coAl"c^-rJ: 

ff^Co^T^t#'l4£»ttJU iSMWH-JWlJl lm, £9fittK&«iSl 1 n*3«fctfM 
»tt±{c*3>^T^-r > (£fc(£ N h^3ftft) *S3pa{b$ttfc^^^ b/u# 

^-T\ £ttJ£t&£>&3«|: (*#*aM) Halt im^Wi&n&m&irZW 

<Dv$>z 0 _Mte, -m^mm-i 1 bit 1 tLKxWL&temn 

fftw (jaaftafc^^^ h^?^) ndt 1 b 

"CfcSo ^ffcttldft FFTWl 1 clC&^TIt ^lilMSgiSl 1 brt^cO 
■faJS^rteo^T* «i£:7— yarggjfc (FFT ; Fast Fourier Transform) 

0»J;ift FFT^aSRl 1 cdjol^TIt ~3fc*&Sg|Sl 1 b^bcOMIfl^C 

ovyr, u-^y ^^ffi^cSr^jxfii omh zggits <b> li6 4co ( a ) 
ic^i-J; 5 tc, o. 1m sFWt^jj y^f-^ (x0, xi, x2, 
xl 0 2 4) (COV^T, 1 0 2 4^^h (x O^Sb-Sir^bfi 1 0 2 
^ h) ^^C0i§i3S^— y (FFT ; Fast Fourier Transform) Srfj&oT 

[HI 6 4 co (b) #flB] , h/u£5R#><5 J; 5mfto-C^5. wCO^lCli 

, FFTMl 1 cCtJ^t, 1 OMH z £ 1 0 2 4 L/cJ^z^i5cfeco^-< 
? h/WY [H 6 4 CO (c) ^-Ty 0, y 1 , y 2, y 1 0 2 4 #flB] 

$blC N AttftlKl^llHS (M5I#«R) 1 1 hit FFT*Q.a«Bl 1 c*»e>©jBifi 

Um^'-^Z [H6 4C0 (e) »C^-TIW5|#tt*z 0. zl, z2, Z 3 

(37) 
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. 2#BB] £5jt#5kcDTfe3 0 m*.\*®6 4(D (d) fcTj*-*" «fc 5 ft I ' 
-W-l-i-htt, ±$COFFTMg|U -lct:T#?>*Lfcl 0 2 4zK^y SWJSI^ "" 

fvu,6£, 011*1*3 h8Srt©|HIWT?WJ§|# % M§|nfc*S*z 

Sr-SmaEtf-JHfP l l ifcfcfctfrf-*J:5fc*orv*a a rwcto f->7°yy 
^fflttft 1 0 MH z Sr 3 2 LfcJSIftft (312. 5kHz) ri h 

(e) ©*6-fC*i^rtt, F F T»*Y <b LT«f-;? y 0 
, yl, y2,_-, y 1 0 2 4fco^Tflffi«cra§|££fTfc5 C<tfCj;9, y o 
S:W3l#«©7 i -^z 0, 7325:21, y64^z2; y 96^z3H 
PWKfcz3 2 (yl 0 2 4) cDffiST^*T^5 0 

±»©M5I#«: (o*t». ffi5l#|HINI) £ Lrf±, h«oii 
?>o#Sr^ff 5«t5{cKS1"5. :;t*v^^/ h^M^tffeot i(4 
, «M£©JBifc*:£K::i8tt5*^ h/Hftft (0g*fiB7 2co£ a , £b#sg) ^ 

±ifi©»ifi»cm§lt«|Jl l htc«t5ffl«ft^©(llI5lf Sr^oT, ft^otttm^ 

rfc5„ Mtfom^ me 5(C^-rj; nm0>J9&&<KH±F l~Fn^f 

-fSJ; ?^tixmoStS:r-^ f l ~ f n fcfitfSl-s fcor-ifcS,, fcfe, @6 
5 f Kl*3»t«JSIjft«[«rttF 1~F ntt^^M±(cfc^TigML7tfit^#t-^# 
ttt LTH^^tlTV^iS, ±$©#jl&§t#.|4F 1, F2, FnCm 
Biftx-* f 1, f 2, -, fntim ltt&©fl»«M§im lhfcTtftf 
f-^^l1?IWcaD©f-^i (z 0^X3 3fi) Icm^T DD§| 
tl-J:5ar^t*S«»*^Jj:^Ufc3 afioftttT*^^ f l (0) ~f 
1 (3 2), f 2 (0) ~f 2 (.3 2), -, fn (0) ~f n (32) bLX 

Sfc, ±&©JS&fS*14F 1 ~F n Sr^l-SBftfcx— ^ f 1 ~ f nl4 
< Bitty*- 9 ft 5)1 W&mL Wfe* -5 «t 5 (c L r «fc \ \ 

-mmmm^i 1 i «, «^?i§i5i 1 htcr«fti!cM5i#$iifc*oa 
ooiff^zo, zi,-, z 3 2 ±T&<Dm&&m&7 t —?'<~-x 1 1 

k ^ CO n &$t#.ft t Orfii E m [m f± 1 ~ n , 5£ ( 4 7 ) $ 

fill £, *n-e*iW-i|[1-5fc©-c?&5 0 ap*,, ±*»£af*flBl l ilcfc^rfi 
v ^©5t (4 7) II^tJ:?(C, mi5l*U:J:o-CJl!S*lfcf-^z 0, -, z3 

2<t, *ti j eiri<Dm&.&&\z.tti&L1t3 S^cojtttfcr*-* f m (o) - f m 

(3 2) t©J6^©ZUftSiS:«|f-fS. 

(4 7) 

MttiEflMKttttiffi i i j i4, _h3£©-3ii£Mn-^£ri 1 1 i frt><D&r.mmm 

rt-Utt* ^rtb^c Lr, ft t -jfHSM^ft/h i 4 5 « F (c a**** «*f f - 
*f (0) ~f (3 2) h^WIS*^*t1-5*ji*«iEfilj((c 

±is©rtt_*»iswif*R5i i i, mmmw^-t^-* 1 1 k*j«tvft 

SMlEffijRttmAS l 1 j tfttlSI-fS ^fc J: or, y^xw-x (#ftgH#£ 

(38) 
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Lfc^ox, _b5zliC0 -*^MH-»§I5 1 l i *5«tV*a*tIEiSSfcaailBl 1 j 

«t t> > mm&wfim 1 1 h iex/uMwsi # ^ofct^i 5 ©m^-* z 
*f (o) ~f 02) K*fL-c, mmmi&ni \n\zxvk$r£in,x^z>mm 

fitRef (0-|Jx.(i\ "1") ^tiCSt [Ref/f (0) , Ref/f (1 
) , Ref/f (n) ] *mfrff—? R <t LTWitii"^ X 0 l^ot^5 t 

s&k:, MiRi^aiifR (Mimas) npit i£gc3fam 1 im^-c»m$^cis* 

IS-r * r Sr^iJ x. a— IkmBiiSLXffim-r 5 ^tti^ 0iJitfi4©C T^f «fc 

M±Kteh^xmm&tem$:w^mm7 i —?R$:, mmm.n±^^^xmm^tc 

Lfczl^X, ±a£OJS!tftjRIBI§l<BJl 1 h, ftiI#t£ttM t L"CC3R»Ilf 
JWHJl l i *sJ:^*3fi*lE«*tttHSlJi l j , «afe#«H4f*— *^<— ;* ilk, 

. i£gctf»$B 1 1 m, smft&ffls i i n ft <b wcffifig&LaiFR ripiaot, f 

i^ii^DSfcfimii®^ t ft s =t 3 ft#i4(cft 5 1 o-efetbfict < , 01jx.fi, ra§i 
ftp «t pi-Lfc^ , 3Eicf±, fdio^*p^jfefc«to-cMra-rsc 1 1 itt «ti^ 

o 

1 qtt, FFT»1 1 c36>5>(Z)fflSE*-X^ 

fflrT-fY (i4 0A«) £ % _haicDiip^M^ 1 1 p^-cjsm^tLfcx- 

^Rc (RHOC#fla) SriltSto-Cfc^ ffilE £ tWU^gt 

§151 1 dKiai*-C#6J: 5(£ftoTV>5 0 8W-r*Lf*. MUMS 1 1 q fit, MfflAQ; 
aSBl 1 pteT»ffl£;h,fci£<EM£7*— *X% ±moffl&&.X'<? h/HH*f*tf*& 
ttM^SflWff L-C<0««6**UTV>5Clt lefts. 

(39) 
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- CIoT^ L-OX - irt-rs. - 

ST, £^«#&gg|U 1 a, 1 bjoitfFFT&JlgRl 1 c 

r.^iL.f OFFT »^YlCo^TlifIfi i qfcm^-TSi: i: 

«»ftW5l«i5l 1 hfcttWSfifcF FT«ta©tt*YKo^TI4 ^ttftjK&ffl 
51951 l h, -SSl&Uff 1 l i , ftiiffiIE«tttti^ l l j , M&ft&mi 

fflfc&WSISB 1 1 hfli, FFT&3SI51 1 c IvwMM 
31 Y (H4COA#flB) ^tlffT-^yO, yl, y2 , y 1 0 2 4 3r A 

JJKl -^?*fx-^y 0, yl, y2, y 1 0 2 4toV^TJSjft«IBJ 
■3l*«rtffci\ M§ltiJf?*fenfclS*Zi:LroiW9l#«©7 ff -^z 0 z l 
. -, z 3 2Sr_^m^l+^l 1 ilcaj^-fS Ur^A2) . 

3i#a>fr*t>it^«jr*z ii^ic^ttx-^^-^ 1 1 kt>h<Dmmmm»to 
AftWtn, m^^-^zo, zi, z3 2^itfcr^itfi 

Wll iTU Cix^CO^-^zO, z 1 , •-, z3 2i, ffi&Wftttx-*'* 

-*i i kfrb<Dnum<D&mm&&¥r&k<D=.mmmEm [ m f±i~ n r 

4 7) #BB] ^ )H7^imtT^< Uf^A3©NO/U-hA>^fWA 
4, ^fy^ASO^ o 

*W6ft7— *fm (0) , fm (3 2) Src-KLt (^r^A4) - 
tlb<DT-fizO, zl, -, 232^ o-FLWr-^fm (0) , % 
, £m (32) i^l^ ±3£<Z)5£ (4 7) idg<$^T ^«»|S**j|1-« ( 
^T? 7° A 5 ) o ■ 

jttfc*a*jEffi«cttm»i i j fii, r^Rnw*si5i i i frbmmm%v 
&*kftzm&mft&Fizttfo-rzim7 t -fi f (o) , - f 02) & « 

g«ttx-*-<~* 1 1 n^if liEii (gp^ iEMWttx-*) tit 
KOttJi- (^T-s/7°A6) 0 

S5??J^£ f (0) ' "'* f (32) ^^^iwannctft 
iLlt? ef £L (0) ■ Re f/f (32) ito^r-ftaiffiiHtia 

*JM*1 1 qt'lt ffi5zEtDFFT^aSl5 1 1 c iCfc^Tft&ftfcJTOR*^ 
^MYiLtfDllfff-^yO, yl, y! 0 2 4 (I6 6©A# 

Lfciwf-^ r c x\ mm?-? ^ffiiE-rs - k sra ^ 

(40) 
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lHJHHr"^" : 01-52312 

) «h LTtiiTJ-f 3 Ufy^Al 1) 0 

•So 

M(c^ttJ-e#ScoT% SmM^&ft-h^-ttSw t3*S"T»#55piJ/S*SifeS 0 

£fc, -Jftm^tflfglU l i, Ml&i^ttx-^-^ l l k*5.J:U<*5Bff|jE ' 

(C-8) ^WffiJcdo^SagfflMm»JPS^$|51 f©l3©Wi:L 
X CO^ri? 3. — yUjUfe^cttHjR^ 1 g - 2 CDfftB^ 

OD^^a— /ujii£$tffitbg|5 l g - 2 Mo^-ci£ejH--5o 

m 6 8 fifl(ri*oia l fc^-*v<— a — Ktt&^BOjifl!M#«fl?JPa$&#Sfl l f K 
*5vvr, -^v 5 ^— A/JQftScttttlftlS l gt-^xT^^^-yu^^mfflm^l g-2 

&JStH$Bl g- 2tC*5VTt>, huk6cO|H6 6 cOAid^-TJ; 9 h/^^JAS 

i-- : e^*-/i'««[Sktta<fB i g - i KJt lt, -fUl&MH-WSR l l i , tliiE 

^-/u^i i r &^tex.x^^z>.&ti$mts:^xtd;y , ^nuf\-(Dffif$. m-%-1 1 a~ 
i lh, i i m~ 1 1 q#as) \a\,^xammxfoz> 0 

l h t i»«:tt-**S l lmtofKHc^S^x, JQSEftMSIffi 1 l hizxmm&m 
ZlZ&i-rte^tc&tDmy coMtir^'—? z o , zi, z 3 2liov^Il:^f 

(41) 
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1 1 r 14, m&&m\U 1 1 hfrbOfflr?-* z 0 z 1 
i6 9 (a) ~ ( c ) li^fixt, ±j$«^fV7y7^/^l 1 r©7^/U 

9®m*mmz.®.wirzmx*h<b 0 neg ( a ) - ( c ) t^^r 

*T4TV7 4)V$ l l rlCfe^tz k (k|20~3 2) ©fS&tH^.-f 5 fZLlS 

f^li**** ffl*l2B6 9 (a) ©i^| i2 ( k -i 

iS? 4 2 (k+1) ^^Wl^tSWf [SC ( 

4 8) #SB] , 1 lr t Ltllz kOlH©4JW*t5 

o 

z (k-1) <zk<z (k + lj (48) 
Sfc, SI 6 9 (b) ©B^Klfizk z (k+1) 2 

(k-1) ©te#**ffi£#t5tf)-e (4 9) , ^f^jy^;^ 

H6 9 (c) ©*Htoiz (k-1) zkCDM^/K z (k + 1 

LTlizkottiutAtOz (k + i) ©tt&afcWfcta^-t-* 
z (k + 1) <z (k-1) <zk ° (49) 
z k<z (k + i) < z (k-i) (50) 

h/i^P«f»S*XcK:«feoTi«»ft^r3flt*k:^^ h/ut-^ttmj-e 

2S- fc f?!L e f ^^^^ ^-f7^7Y^ 1 lrlCXtftW^ 
D, . MBft-aaj (ffiffJSB) i i pf4 , ^f+Ugn l ra {CTgti}$tLfc^icx- 
*l£©#ftfHM|51 1m, i^fiS&^l i nfei^MrateaSSUl 1 pfi Ufa* 

^-te©»SV v< - =, - K*tt*Jft £ ij^+^ u-* ©St^tb W©^# ( cjBS 

mfc, Z(D^9 ^tW©M$^cov^©^><^\ ^J£©»tfMSl5 

fflmllfa©J||g|6«j*lSl±4:BI5wi*5-ct5 0 

(42) 
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fiS-H 7 "^": 01-52312 

(D- l) **J8i»ll8tcfc»tS*^a— 
>-^{s#ttffi^l j , iStgiittiSR 1 k*3«fctK=*fls«Bl 1 Sr-tftxTfllfiJtSn, 

* 1 4 a , t 7l^</U h^^iSP 14b, {itlf+^gp 14c, 07 VT^M.^J 5 > 
^tttHSBl 4 d*5j;VaMl^fBJiftti«l5 1 4 e^-e^x.TM$nt^^ 

h-^s-^-^^^/u^ 14 3(1 ±^OM9W«flPJi»IK^ l f izx^m 

i^t, ?4 ^ >rm-zr& h— ^flr# .(ft gift-*) tLt^tstwr-fes. r 

(D-2) ^*5^-C!ft0Ji-5o 

1 4 a — ^flr*S:IHfl$ (Re) £-f<5— ^ t 1 4 b 

-ctA^A- h^m^swiiE^tifcff-^srj^gp ( i m) t u-cftacD-jttffltmaj i 

$ fete, fltfatHSSfl 14c (±±3z!!or'i: < ^ h yWb $ ixfclf > TVu/jfc 

0 7^y,fi,N S ^ttfclJSG l 4 d fi{£*lf+}|£|U 4 c 

$4 5 ^^Sr^tbi-^tjCOT^So 3SMB#P B ^*tB^ 1 4 e fit, 0 7^7^^ 

tgtet&fctjglSl kf*Hidiii£7>f /u^ 1 4 f *3 «fcl*lg*5ttttig|5 1 4 g 
&ttf:?LXffij&&nX\<^Z> 0 14f|±, ±J*©aaS£l^lB]3¥ttJffl5 1 4 

1 f frh(0^^\m%\^\^X&Wkh-ftiWiZ.& 9 MMi^M^Miir-h(DX\ 
*fc, HttflrfflSl UiHiC, £W}^{fcgB<t LT©L MS (Least Mean Square) 

l 4 hteXTIV^^ <y^7—W£&l 4 i &*:t£7LxmtfLZln. LMS 1 4 h fi 

, ^i?~—/u#^*^ymcmtii£fttcmm7'—'? (B2 9©flFti4<i#i) 

Sr, gffij^fb-rsr itcj: 19 ri j, r 0 j Sfcli r-ij ©3lf-^iLtW 

tf=^7— mfeffi 1 4 i fl LMS14hlCt£lft$ 
tb 7t 1)1 1 -f '~ # \Z. 0 1/ n T CD f* — # jc 7 — £r 43 J j£ -f- 5 1 CO t? & -5 o 
w£>«fc5fcfltafcl::«fc«3, B 2 9 C*t*^a-^^ftgiilii» 1 i f li, r 

pb$s#*& 1 f ^x&mm&titcWL&m^- t^is ^-/umfcmmm ticm^z , 
m^tufc^^r $ ^^^jc^o-cjiiffla*«»jR*^ 1 f 

o 

(43) 
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1-5. &*>\ ±$*0a/$Stt«IMIR«#«f|S l flcfcltSMttiLTIi ft&Jiit 
tO (C-l) (C-2) T?»3fiLfc<KM4*«poc-tiJT?#5 0 

LT, El 3 0 ^TFt'tikftMB 1 5 b OxV *s$Mt^ (fy/^ -tfl5b 

ZrmtUMl j co h-^flMHfc/ft^-r/u* l 4 am i^coxV v^/uff # i 5 
b t*^3.-yuTOSfetttusiJl gt-Tttttl^tifc^^a-^&ScffisttS^- 

5 c±t*5tt5 "O" #bb) ^tB^-f6 0 fcfc, -coh-yff^-co 

MSfJtftJl 4 c til, ±&co h-yfflNHiJjfc:7^u* 1 4 a KT£/# 

-/i^-f $ >^S:*tjbi-S. :©13 1 (a) lZ7jk-f£o\z^ f-v^/ui (H3 
1 (b) ©ffiffitSSROO^^TVjfiitfiftftor^S (07^7^t 

1 4 dJdTft&a$ilfc0 7v?7^©^W S^Srfci:^ gSO^mttigfi 1 4 

• mmmmnmu 1 4 e intty^i 0 7^7^to^iM 

jlJE^yl,* l 4 f T«&S£fr&5o CWa^ ^.^^^^.y^- 
b (D-V-^zffrT-'-fims c £ as-r?* 5 0 ^co#, Sffittttlffi 1 4 g -eii, B 3 
1 (c) ^-rj;5.(c, 5 y^fcfc«#fH3«« iff4*?9flsf 

ZMMl l ©LMS 1 4 htlt ±sEcOjg*sttaig|5Stlf2Wffl$tLyhmif2^^ 

r +u , roj xtt r— 1 j ©=«{b$itfc7 f -4'iLr*U€-aj*rSo * 
co^ x *$>»-/i/S^ttffi|SimK:*sivt\ =.mk£ti1t7 t —?$:t>b\£ r+ i 

(44) 
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Sl3S##: 01-52312 

-So 

=i— Kco^-v'^-^^H-SiJ-r^^fefc, i^^y >';^^£f!:£- 
iiiJi&^-l£>£1-5^&^>b4sl< fcu , -y-^y >^<Dfc#>co^ n y ^ titttWiSffi 

ftotWCfi^fcft, ^Mtl^Ofc^co^^ hSr^iPS^giJ^^-frSr 

(d- 2) ^mmmm^^n^^^^-^^^ 5 >-^{t-^ttmfr^ia^ 

j-.^(75 h — >- ft ^/u-^ 1 4 a t ^E-v 5 ^— yUj^fe^ctttB^ 1 g 

, fite#tt^^ < L ft ^ J; 5 taW& bt£&£? tetfc&xmj&lr 6 c t & x # 

So 

wa?©ig3 oic^-r=t 51-, ##fwis&a$r'L/t»#{t#a»e>" ! &^ 

+ Il^^a-/KCi5fft/£©f f ai*5 (03OO<?#15d#i) „ - 
75\ ^^5y^Mtl4> *fcf±B^— com&^v 5 ^— ;uf£<DX f 0 £fc 

5 (130 15c #BB) o 

jftSfef 1 £_h3z!!0 f a^lf 0CD|§#,{±. KT»S; (22), (2 3) ©i? 

fa=f 1/2 ••• (2 2) 

f 3 = f 1 •••(2 3) 

i-fcfc>*>, h-y|ft4^7^;v^ 1 4 a t LT f 3 a 5 * 'frJ3 j&gc £: ft 5 7 >r 

7c<b;Ui\ h — ^fM-^fijUB^-f/V* 1 4 a <7)#t£f±JilTro5£ (24) ~ (2 
6) iC^tip/itOitSri^tS, **3, S: (2 4) ~ (2 7) t£*3^ 

f sAD3^-^id©ty7yy^SSt'ife!), f wi±4)*$ti5fll 

y-T >-= cos 2 ( f - f /3 ) jt/2* f w ) 

: ( f j3 — f w/2 ^ f < f 0 + f w/2 ) •••(2 4) 

//V > = C os 2 ( ( f - ( f s - f 0) */2 * f w ) 

: ( f s - f 0 - f w/2 ^ f < f s - f 0 + f w/2) 

••• (2 5) 

: (2 4) l£tcim (2 5) <nm^SX^(Ommm -• (2 6) 

{£*@(0 [rad]) = 0 ( 0 <= f < = f s) •••(27) 

1 f **bo«]ffift*d»fe, ei(it (^^-^— Kff-^-) ifB^o^srm-ri^ra* ( 

tbar) fabSXT<D&, (2 8) CtSot*ttlt5CiiSt#5 0 
fw= 1/tbar * k (kttg^fiS) ■•• (28) 

(45) 
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AfrWfctt, *>mmt%Z f /3£l820kHz<t LtdM^, M 3 J: 5 

ftm, t/u^u h^iftffi 1 4 b^xmtmm^ 1 4 c Ko^-cisyH-a, 
*sn 4 c^TFi-yny^mx'fet), d com 3 5(c^i-j:5(c, ffiffifj-atsui 4 

cWy<* h/Wk^i 8 a bWrXtol 8 b tH^itiiig^t^i. ' 

©fc/U-i/U h£&$]5 Ubli, ^Jxtt'H 3 6 K^TJ: 5 4«Ht*tt5f^ W 
^7-f^cj:0ijjis^ ( ip^ -coil 3 6 K^-TJ: 5 4*5x^^1-5 h 

Sfc,_ffiffif|-JW|5 1 4 c ©^ FMkSi 1 8 a (4, 3 7 fcjjrtf-jg^ 2 0 

a©{ S -§- (I^TVi^i "0" ) l->fe*±f$L-7 4 ,v* l 4aHIS ( 
Re) A^^tlStifcfc, rcogl3 HCfrrTtimi 0 b©ff-S§- (f">-7>,£{j; 
"x" ) t/u^/u h3E^aSP l 4 b jj»£<ofc A"</u hSHjl!i£J|oftf 
SrifilFIJ (Im) rtlk©{§ ^fCO^T^ h/Wfc-f-S ><b ©Tfis. 

v^-cetTt^« (2 9) K^1-W-JISrfT*or, r©^ h/Wt-S-wffift&W- 

fl = t a n-j ( I m/R e) •••(2 9) 
tttjT, 0 7^7^,^ 5 ^Jl&aJlflSl 4 dO«fife|c:o^T^-r5 
0 7 '^7^^ $ ^Slttiffi 1 4 d 14, ft:flH-||g|3 1 4 c KTfrSSttfc 
W*.tfBl3-8 (a) ^i-X5fmmm^ht\C^ {ffl&0y*?T 

o EI3 8 (a) , @3 8 (b) fc*-*\fc5fc, r. © h-y{f #•©{£*§#*, j; 5 if 

0 7J>7V|C45^2 1 d-ltt, $tfMf#©^v^-/W&2 1 d-2<^C* 
WS^ifca. Sot, -©O^^TV/SSraaiL-tixt^^ L 
T, £©*^ * ^7mz.WMt J k2 l g©lg(B«*ttttli-*. 

, **l«:*>f$ M£(4\ H 3 8 (a) Icfctt* 0 7 2 1 d 

-ltigt5 2o©fy7 , ^2 1a, 2 1 c © 5 *>t*iV^T«t, 0 7^7V 
^JCfi^f->-y/^2 1 a £_£/&©•=& v^-/I/^ ^ LT^ttl-r5©T*fe 

-So 

Sfcfc, j§»F^*i±||f|5 1 4 e tt % ±$©07^TX6^ S^ttffiflSl 4 

1 j Ti4, K>r§f4|7^/^ 1 4 a fCfcl/>-C, «5Mt#OUi* tlfcft**- 
tf*3B 1 4 ctlt h-Vff *^fifc7-f ^ 1 4 a fc-r^fifeS^fcJB.JHfsi-i L 

* 1 4 afrt><D®mm&mm®tirz-jf^ h~ym^y^^ 1 4 a *» 

6 ©J^»Hs-S§-£ t /u^/p h mm^, 1 4 b let t /u^/u hULfct© Srjftft.SU t 

(46) 
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if* 5 SrtttB-TS t fete, S«ttW$ixfci*|BJttf«*^>r 

,£©5 ^T*0 Steffi ^iSv\6£?!u^-r $ >y&t Lt#^t5 0 
iHiEftnUtt&i 1 4 e "Cf4, 0 7-^7^^ 5 ^yt&ttiU 1 4 d^X&MZ. 

Steffi a* 5 <£ t © B#P B 11^M^tt(±i U IgiHttfflSPl k©l!7>f/^ 1 

(D-3) *^»«glC*5^^tg(liiWtfcig|5cOfftPJ 

SItettfctilffS 1 k (Dmm-7 1 4 f (4, f£#mc{4|I] 3 9 (Ct^ 4 5 fC, ^ 5/ 

T^ifcfBIt^ 2 2a, -&5ti£fM 22b, 1 / 2 ffl^l * «1S 2 2 c feet tfS^i* 
^•MM 2 2 d Sr^r^xtM^tiT^S, 

* y ^WSMEtftflS 2 2 a (4, 3t«fS#is-HHiia Llofyyy v^Ji^fcco 

2i&w;its<^gigjuiig#tt^ 2 d 

(£TfT&^5 Z>7sCSl"?ffim (X0~X2n-l) , — &5£iS 

49, &mmm7^;i'*<Dmmw. (xo~x2n-n ^tib<^^ 00) coi^ic 

Ym= (Xm+l-Xm) td/(ts/2) +Xra (ra=0 ~ 2n-l) 
- (3 0) 

^/l^^^fcfflX0~X2n-lco5^T\. BSgJ-f -5 2 7 4 ^^^SfeW^^iiig-f 
£>— #Ci££r5ft>£-?"<5o dcD^-^dfc^T, Xin+1, XinCDB#f^P B TO4, AD^y/<! 
^ldCty/Uy^it s(Dl/2T*fe!3 1 ^<D{g.tmm&Xm+l, Xmt 

^ (30) ^i-=t 5 (c^tti^ix-So -©ipi-LT, 7^^#i§jtS2 1 
1/2W§I#SI5 2 2 c (4, fj!rS£iSi#><5;/ctf>(£AD=i>^-^ 1 d©2 

■So 

£ "X" <D£5\Z.ftZ>m&i£ttL. ±m<D-7X^J&i&.U2 2 b*3«fctfl/2lBSI 
#$15 2 2 c (OAaaSTft* 5 ^ <t(£4 9 , 141 2 4 b <D-^>^/U^ "Q» 

<DZk<ffijE-fZ^k&X*ZZ> 0 &jb\ EU 1 4>cd,S "O" f±, McoM^tt 

_t1B©— #a;i£flsl«|S 2 2 b*5«tt^i/2re§|#ffl5 2 2 clc*5ttS*D.aSr* 

rft^iA^MSgp 2 2 d {4, 0iJx.f4*Sui&<Z)ll 3 IZTjk-fJf^cD b 7 — y-juy 
^/u^^co^V ^^yu7>f /w^{c«t «9fflfi££;tx, 1 /2IWSI#«B2 2 c ^f,©7 

*fc, UtettttigG 1 4 g f4, _Lfct!LfcJ: 0 IzMM? -4 l 4 f lc4 0^ 

(47) 
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jj^jg-sgr-B. '01-52312 

- - _ ' co i 5 fcflN&fc 139 7 4 jv* 1 4 f rn, ftHtttektb " " 

KfcorffJfc&iteStfa t £ tic, j§MB#^*l±if|5 1 4 e (cfcv >T*tB Sfifc 
^P B 11iOtl;f5 DTfl#Srii5£ 7 4 A,X-ff ft 5 ^ft 

■So 

±3£co3§E7^/i^ i 4 f r*(i, 7-f^^ji!iiofc«)©#«[iftilt Sicfcfc 

l af «a» h mix 5 ungo r % m*:wm. -5 fc #><o 7 4 ^tm'mm* h^v* 

/^J&#x-*£*&Tfct, -OTSt2 2bl:t,vt 1 ttttidti^HQH 
^^iS^^Ucfcvrfi, ad =j>v<— ^ 1 d co 2 ffcoi^^yy > j/hsjh 

(D-4) ***^IBJJ:fe»t5ig«tta»{j:fcMt5iljK7w , /^©«i©*JK 

«tf ^ilifi^HtSrWrs^-f^ffiJkSrjmiLrv^fcaJ, ^coffifi, fjiRtfi] 4 

5 a ~ 2 5 e , E^JSSP 2 5 f, MUX 2 5 g J:tf«*&JW&lS5 2 5 h £ 
-^r, J§3g7^*^gfc^g|5 2 5 a~2 5 eit, *ft-?ftBf£©*B;l$|lfl 

%W L, 7 >f jRftftft 2 5b ttgflEttlR] t d = 0 . 0 2 5 M 

* 7 >f /u^^ft^ 2 5c ttiI»F B 1 t d = 0 . 05 M co#ft^^ 
^5:7^/i-*£#|$1-3fcfecO#JSc£^U 7^;^®ft^2 5 dttK 
"*Mtd = o. 0 7 5 ^ s<D®&ZfiirZ7>[ju?Zffii$i-ztcfr<D&mz® : W 

U 7 ^ A^ffiftftftffi 2 5 e JigM^ t d = 0 . 1 M s CO#'ft^^-f 5 7 v 
^*S:«^-f5fc»©^j(!ctft^1-5fc©-efe5 0 - - > ~ - , 

*fc, E^J^SR2 5 f (4, gffittMgttffi 1 4 e ^cOgMWffffg t d £ 
AT^ftr, rogjgftm t dcojit^-F(0 5ocoE^co5*,cov^^coE^(c 

1-&fr*>, j§» m t d ri\ 0 11 s «±r 12. 5 n s =fc "9 
# 10 J tmfeL, 12. 5nsKit*3 7. 5 n s <£ 9 V^-frfiE^ T 

U tW^U 37. 5nsfiU:"T?6 2. 5 n s <fc 9 Vh£ V^-£iiE# T 2 J 
<t«U 62. 5ns«±r*8 7. 5 n s J: •? fc/hiS^»£-fiE# T3J £¥U 
SU 87. 5ns«K;100nsJ:n/hi^(4E^ T4j ir^1"5 

o 

MUX 2 5 g [4, K»*0^»2 5 f fcr^^^ttfcjgJg^ffioR^E^ 
iOSCT, ffim<Dim7 J ^*%mm%2 5 a~2 5ea»b07^^fli*ft 

» 5 a Lr^cos^jA^gSB 2 5 h tdtb^-rs ©rfeSo 
fctfctf, mux 2 5 g r«, k^jW3E»2 5 f icifc^rMi^mwK^ r 

Mt^coE^ r 1 j -efc5t*IIS$ixjt»&{Cf4»i£7^^«ft 

(48) 

5PDFI± FinePrint odfFactorv MmmT^^^^^i//^^^ . 



MSl-Hr "»§" : 0 1 -52 3 1 2 

*«aMft«r«B2 5 e^ibcD7^/u^#.icS:, -ttt-Pixft^ii^teaiBJ 2 Shtetti 
$ib{C, g^iZ^MSgG 2 5 hfi, MUX2 5 efrt><D7 4S\sfr&§k&Jfri!)tii 

COJ; 5*fllJ*»cj: 9 , El 4 2 t^tll7^;u^ l 4 f tcfcs^Tfc, 
WttSfcffiorfiJWSrWaE^-tira <h i tK:, iiSffiBflTOtHgB 1 4 e (cjoi^Tlf tU 

^JCUfc7W'^<iRakS:ajE7-f/U^«3Rift«rtlJ2 5 a~2 5 eiCTft^LT 

h(D\,^-rtuomwi<D7 j ^^^m^m-r^t^mMv, mux 

2 5 glC*S^T, K^J36*f|J2 5 f <Dmfe1&%:lZ]&C1t7 * /lsfi&&(D7 4 A** 

(d - 5) ^mMj&i&(DMmttotiiM(D%s 2 <Dmmm t Lx^mmy -< ^©sa 

m 

±3z&CD|2|3 9*fcf4|H4 2CQ{5^{d, iiS^/l^ 14ft LTfiEU 3 id^ 
tipt, OT^L P F«M4«j8MJM**R4 3 a , <StfB#tefl--§-lflU 3 b , mWU 
43c, IFFT43 d *S 4 3 e Sr-t/j:*.Tfl*fiJcSn, i§3ffi 

mm%mU 14e iCTlItU Sftfcjgj&B^fflKlJsS DTIFF T&LSfCj; «5 i§3£#tt 
SrW-t" 5 7 4 A> 9 m-T 5 «t p K L T t «t V \ 

£f*LPF#tt#t^4 3ali > 3fe«*»$tLfc^-a— Kft 

±i£tf>IH4 4 t:i^1-:7^/l^#'l4^o<^T(3:, »T05t (3 1) ~ (3 3) 

1 :0^f^2. 5MHz, 7. 5MHz^f^fs •••(31) 

cos 2 ( (f - (fc-fx) ) 71 / ( 4 * f x ) ) 

: 2. 5MHz^f<5MHz •••(32) 
cos 2 ( ( f - ( f c' - f x' ) ) 7C / (4 * f x' ) ) 

:5MHz^f^7. 5 MH z - (33) 
ftfc, ±3&<D5£ (3 1) ~ (3 3) tefc^T, fc=3. 7 5 MHz, f x= 1 
. 2 5 MHz, fc' =3. 7 5MHz, fx' =1. 2 5MHzT*fc"9, Z(D^ 

W t dtC)££T, m^coS^ji^aSR 4 3 e cDfc#(Dil^£t@#'l4£-§-;i3<b 
F'J;ttt\ SMB#W^t±i^ l 4 e A» h <£>il3tB#Pi§ t d{cg-3#, J^TO 
* (34) icj; •JjI3a6Sti/*:fi:4B'WMitS:#Jt5 «t 5 »cfcoT*3 0 > W*. 1*04 5 

0 = 2 f * t d : OSf^f s/2 •••(34) 

(49) 
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US-IS"?!" : 01-52312 
SflJISM 3 cii, J:i6©j£«f«LPFfit»S|J4 3 a^fe©^y#tt 
(HI 4 4 #BB) £ ;-ffiffi4Wt##lBJ 4 3 b h C0{i*@#t4 ' (S'4 "5-#RB> b 5 
, JMT©^ (3 5), (3 6) KftoTHSMHJ (Re) , ( I m) 

R e = G* c o s 9 ••• (3 5) 

I m = G * sine ••• ( 3 6 ) 

Sfc, IFFT»4 3dlt ±S£©S»SP4 3 cjC-CJUUSnfcffiRe, 
I md»e> I F F TfW&aSrff 5 tOT'fc 19 , 0iJx.l4*±a!cO|2| 4 4, 14 51:* 

*^ii^*aa*B4 3 efi. I FFT&a&U 3 dtj|bilfc7-f^ ■ 
r©J:5 4f»fifctJ:ti, H4 3 (c^-f@j(£7^/i^ 1 4 f (cfc^Tk, faWW; 

minus* t lxm&**> 5&*Ajim*ft®*x-mmz 1 1 u *f«a»fe 
n®mn*b Lxm&&o 2>m±At)it*m®*xmmz 1 1 Lmmt^m 

4 3d fcTi£7- V =-&&&M1rz. blzXV jjcm-f 5 Q 
(d-6) ^WAi(cfc{t§Hfit{ba?©lft0^ 

i 4 q£g»ji?{fci-5c<t(cj; >9 r i j, r o j afcii r— i j ©3if- 

*£ LTffiTJirSLMS 1 4 hH^iS £ bh^, LMS 1 4 hidtHfg{b$ 
ma-ftltt\_LMS 1 4 htt, ^I^ttm 1 lUCTtttB£tl7t^^-/^^ 

t5i^:^.ot^5 0 LMS 1 4 hfiM^, IWteIg|!2 6a, 

« WIE^IJS^ 2 6b, 7 ^ 2 6 c *J «t XI 3 26dH 

5^ii^aa5 2 6 a(±, '&®<D?b< y 4)\s$mtM-ttMl 6 c iCT#ffi£ 

thtcy^;u?fcM*%^x§:&&&famzmi-h<DXfoV), W'fflMm4 8i^ 

-f ft-^ji^aSB 2 6 a (4, COi4 8|C*fj:9l^ ^jEfli 
4 8 a - 1 , 8 a -2, IIS54 8 b-l~4 8 b-5, 

^48c-l~48c-5, 48d-l~48d-5, 4 8 e 

iS^XfmMU4 8 f ^ftxTlf^ftT^S,, 

r.CT\ SUfgM 8 a - 2 {4, v 5 ^-/!^^ ? ^yfefcMffittjfB 1 k A»6 
ATJ^tb-Stitefitx-^tCoV^T, yV>liiE«^§15 4 8 a - 1 {CTi£#£ 
^S#>ic^m#-r6tjWT*fe9, i§M£G4 8 b - 1 ~4 8 b - 5(4, Ztl^tlB. 
&\\Z&@l£tiX, m#U4 8 a - 2^fccD^Mli£7 :: -^fCOV^, ^v 5 ^-^^ 

(50) 
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-f^^*?, CfDgJggM 8b-l_~48b-5 tiis7 h U^^t LTilfEi- 
Z> h(DX\ 0iJx.{ilH4 9 ic^-ftgiligfilT 1 — ^co-fi-i/^iS^^^ ^^^-/w^^f^y 

o 

7t <t ;it±\ 5S3£§15 4 8 b-l~48b-5t, ^x^ixll] 4 9 lC$otfZ>Mmm 
7—5 d4-d Oz5^>y7»xO~X4 t LX&WZtitctif&frb. l^rv^-yU 
^-T 5 is^m^H^'— h tStl, ^OB#^.-e}±al5iE^4 8 b - 1 ~4 8 b 

- 5 {a-i^tMtim^mr'— $ a 5 ~ d 1 mm ^&m£tiz> 0 

*7t, mWU4 8c-l~48c - 5 $S £TI1)m%¥> 4 8d-l~48d-5*3 
XXim^mWU4 8 e \Z£ <0 , #«4 8b-l~48b - 5lCTM$tlT 
5^ ;y^C«(7)^ yZ?mk%£f¥b4 8 o - 1 — 4 8 o - 5^"bcD^ y^flMgc*: 

4 8 e ^bcOr 1 '— ^{C^ifck (IU4 8 0^{C(±k = r 4 J ) &mW-fZ>h<DX~ 

Lfc^oT, 6 a (7)31®^ 4 8b-l~48b-5, m&M 

48c-l~48c-5, an£$B 4 8 d- 1-4 8 d-5, P^»§(5 4 8 e 
XXfmnU4 8 f id J: K>, UT<D3Z (3 7) ^^-TJ: 5^*^^^-^#^tT^9 

S n 

=k*(X0*C0+Xl*Cl+X2*C2+X3*C3+X4*C4) 

- (3 7) 

^MjE^J^2 6 b f±, SttiHAtttflSl i ^TfflttJ$tLfeigi|iHiI4- = 
Mib^nfc^-^ t LXfiJ^ • ffi^i-SP^lc, ft/h-^lfetcj: 5'4iS7 f -^^&# 
^^po^iliijo c fct>*{4: ; l : @^>^^^liiEi--5 tot?fcS 0 

Af#&toi, ffiSWftjEJpJjeffi 2 6 b tt, **i&**S*Sn«: r+ij , Toj 
, r-ij m^-ftt^t^J^U rco^ij^^lcov^-c— JfeottBMt*R»tx 9! 

e>a»K: r+u , r o j . r-u ©v^i*n*>tcStS-t--5»-^<^^#fiSflti:<7?» 

5tOtfc9, KI/*KSHI£SS4 8g l g 0 ffl^glS 4 8 h , CdcffiJItftW 
94 8 i *5J:IWH1JWP4 8 j x_-Cfl*fifc $ tit ^ 5 C 

7^/\s#mmg.mn2 6 ±a£a>*ijje«B2 6 b^ibA^^-sa^gE r 

rtS^J^t, J2&<Z?S^i&^*Q.Jg8R 2 6 a ^(Oi^&^ftlSfcioV^T/Bl^ btl 
5^ 'y^fl&SfcC 0~C 5 SraWf-rStO"T?*)9 > a5fcj*£l54 8 k, Mffi 4 8 m 

- 1 ~ 4 8 m- 5 , -hm^ 48 n -1 — 48 n - 5 *5 «fctf* y 7°«^94 8 
o-l~4 8o-5Wii-C«J«Snt^5„ 

±3£cDaS^§M 8 k , 1IS4 8m- 1~4 8m- 5, *Q»9 4 
8n-l~48n-5*5«t T>** 5/ ^fc$Mftt£«|5 48o~l — 48o-5 <Z)®}fM- 
«fc!K KT©S (3 8) ~ (4 2) jx^«»C0~C4SrSt 
Si~5 w i/JS-e^^J; 9 t^ot^S. /£*3, S: (3 8) ~ (4 2) {Cjol^T, 



CO = 


CO + a*Err 


•• (3 8) 


c 1 = 


Cl + a*Err 


- (3 9) 


C 2 = 


C2 + a*Err 


- (40) 


C 3 = 


C3 + a*Err 


- (4 1) 


C 4 = 


C4 + a*Err 


- (4 2) 




si 4 7 t^-r 3 rnmfe^ 2 6dii s^&^-ms 


192 6 a f^Tft^ii 



SiC J; 19 3M¥lJS^ff^ 9 tO-CfcS. IP*>» BtJ©coS^3i^Ma^2 6 aCDlH 
8 a - 2 ICJ; HS£;Jxfc^ 7^ * W<jV ( T±o. 5j ) 

(51) 
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1**: 01-52312 



F + o : 5 j t"«rJttt L-fctt*/ JSBUCt^- * flsilJi* 7 -T * u^/u J; 0 *> *"* 



tmxvjx^A, r- 0 . 5j tsritttLfctt*, mm^-ttmiE^y 

^ipiflx— ^^±j?ti(D 2ooii7 7'f ^ u-^/u r-o 5 j i r+o % 5 



Ti^tC, LMS 1 4 h\ZT_3im\3££fotzM^&f t -f>.(D^7~-ZmJEi-Z>h 

r+ 1 j_*fcii r- 1 j ©7*-* £ Lrsijfc • w>3f sbrjc, in m^x^m 
/eI-s-;^ ^tubor+ijsfcii r-u t*u«$tifcfi««Wsr r 0 j t 
1"fcfc*>, &ffl£ttttftyRtt£ffli f fcTff«ffl|R$;h,fc«$to# (B5 0© 

9g-C r+lj r-lj ©ffi^i^ feffk<D/i^7 7 7 h»2 9 h 

T* TO] ©flt£®3„ 

-©«H*«1-S«#tCtt, itfi&©3«W£g|52 6 dKfc^T, 3tt$j£tttf 

roj <Dtz-h* r+u t^ufcu; *m r+u <d£~5£- roj £ 

*J£US:»K £fcfi#& r-u ©£c5£ roj i«Lfc0t5|©^x^ 
7^7- (Wave Error) ^36^1" 5 » 

^-©*^£*5V>T, ^MMMMfDV^J ^^-Wtffil 4 i-Cf±, g|t) ^ 5 
fS#£©iRtatt-7--* (Eyefit, 0J*.fiB 5 0 fC^-f^ 2 9c fc*i^5fS#A 
A l A 2) *SRflF*Sr»o»^Kri, ^xe2oco{f^cOiI^£^^U 

J8ti«[^*tv^©flr#^s: r+u tu tn*/^^ r 0J iriUE-r-s 

2 6 d ©2pJ£»*aS r+lj tfcotVStfS, 4 i fc*S 

v^T, £*iMb#£ai, a 2 ©Jg«ffltto*/hSrJt« l, ±£v^©ff^?A i 

* r +U IC, *5-C*V^m#^A2«r r 0 J (@5 0OM2 9f 



-W«t5*1«figfCj:9, ±i©£Ittl 1 ©LMS 1 4 h"t?f±, S^ii^to 

^7°X0~X4) 48b-i~48b-5l:Mt5i:ifc(:, #iii£«B4 8 
b - 1-4 8 b-5£Tte*rt$*i5igJ§fi&fi, +^-y^^ ^y^^o-vA 
tbt->7 HStfTVK. 

ft*i&*&3lf|S 2 6 a T'fi, C ft ff|U 8 b - 1-4 8b-.5Ktft»$ 

£fcJ:9, 0y*tftf|i£©5S (3 7) ©«t5/ e efi^^tr»^S^#^^^-/u^ 
-< $^^td*5^Tfr*V\ 3^lJ£^2 6 dT?f±, C©l:^A^j|S n& T + 

u > roj , r- 1 j ©vvf*uWc¥iJ£i-.5 0 

-©^ «sk*iiEJ|sjjE» 2 6 bm ±jfi©«*a*toasiJ2 e a^t^ia: 

ISfflfttSr^it-c, sjt^tc r+u , roj . r-u ©^rftswcttsVa* 
&<D*mMt commit e r r t uTtu^-rs-*, w 

ErrOtfc Toj LTHJAtS, 
^ErrOttlCtU, #7^*«*©«C 0~C 5 fco^T±i*©a; ( 

3 8) - (42) <D&mmm&mftirz 0 a*,*, aK*^-^^ 
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(52) 



SUS-fr"^ 01-52312 

mU2 6 aKTfT&frftSriS, ^SMijEftSftJ 2 6 b tdSS^tt, *fLVMR3K« " 
**5, Er r cofit^foS— ^(Djil^TfC^o^^feSV^i, ^OEIffe*?K 

±M<DZb%&m^k%m*'<7t£*>t&^Wi'& (H5i- (a) #p.b) icjttr, t 

-f^-^HK <t5tft3 (H5 1 (b) ».) 0 

te-^i&teteteioi^-c r+ij r-u cox— ^ Lxfij^ • 

te i^i:^-§-x*^o^-rsm^cDtgi|iifii(^f r+u , * 

/hoo,6& r-ij r^x^rofi 1 j*fcf4 r— i j <t*ij;££*Wc 

±j*W*HJi6^Ug^3j»75»5x<— =» — HR&^fiKifc^-Cfii, HI 1 3; fcfill 5 2 
(c^-T<t5{e u-if^V^!— K 1 a - l /^fbttSttLfctr— ill^i^ 
coH^L^V>5 7— SfKiJ: •JJaiff^-tirt^y ^?7-l a - 2^AM$it-5o 

=f>-5: 7— 1 a - 2 ^rR[rpra]-eHI$5$it5r b \££ «3 , ^cO/Ky 
7—1 a - 2{d^^tbfclf— A3teSrjfe3fiEtf— At LT^fififfctf^iJMcttiat-f 

Ccou#, - com 5 2lc^-T «t 5 tc s ^®^f#ft^£^iJ£co:^#t #6#7X 
«H>&»e>ttJ*|-jft£ IT(D/Ky =*>S 7— 1 a - 2^T*CDS§8t£L 0 [in] £ U 13 

, ^-^-K^jliLfc^Wlf-A^f-KvCiii/slIt I^TCO^ (4 3) <£><t 

v=(L0 + Ll)*w 

= (L0 + L1) * (R[rpm]* 1/6 0 * 2 tc) - (4 3) 

^w-C, HI 5 3 (c^1-<t b (e 0 ^rte*^— 3- KOl^a- 

barUiU -t w T-<Df^$l^£ L 1 max [m] , bT — t°— KSr v max 
[m/s] £ Ufc£ — fc°— Kfi5£ (4 4) 0^5^450^, ^cO 

— /UflJftSfe) ©l/2tf>jgjftgcf modi*, 5£ (4 5) (Dip 

vinax= (LO + Llmax) * (R*2jt/6 0) — (4 4) 

f inod= 2 * b a r / v max 

= ( 2 * b a r ) / ( (L0 + L1 max) * (R*2ti/60) ) 

•• ; (4 5) 

Lfci^oT, ±3$c7)it (4 5) fct#e>h5 f modi AD a 1 d Icfc" 

tts-y-^y ^^jaaitskf-s b&m^^x f s/f modSrft»:-t-.5w <t7>s-e#6jjs 

EI 5 4 (a) f±, .kidiCD^ (4 5) Srffl V % § - £ K =t «5 > mag, b a r*5«t 
U?t'— A^t'- Kv&&fb£i£fc#-£-K:#it>e>;h,<5 f moduli* £^-f-|g|-cfc 5 «, 

(53) 
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B&IUdfc^T, V>7\) >yffim&i s £r 5 MH z , 1 0MH Z fc£O<2 OM 
Hz £ bfciJ-a-W f-s-/" f ififfdWfUMtS*,- 5 4 ■( b ) ',' m'5'4 ( 

c) *5«fctfEl5 4 (d) 

■ fcfc, a*<tD©*a;jcJ:5^-3-Ktt®«lllcte^r, H54 (b) ~B 
54 (d) Cfc5J:5^mug, b a r ©ttKJ: 5^-3- KttBJl&fTfc 9 fcfe 
4 OMHzCOf-^7°y yffflmmf sM-Itfeofc^, CCD*J-a-CDfs 
/fraodcDfti: LTI4IH5 4 (e) cD£9lc:&6 0 gp*>, CWE15 4 (e) (O^ 

-IflfcttU *£MBWAZfrfr5s<-^- Kfg^gK&I^Tfi; HI5 4 (e 
^&ft?tflH&#^$£fc3fc«\ f s/f mod<Dfif£, ^)Jxi(i^TO^ (4 6 

2 < f s / f raod^ 10 --(4 6) 

w ic ct 9 nm^rti t * «. 

Uvf, fH**Ht*Jt (S/N) S:lft±$-ti:5it-e, iix!i7©^, 

4*5, -tiitiCDf s/f modfDfiS^, TiOj fcSl^fi T2 0j Lfc** 

(F) irtofii). " ~" 

±5S©^-3-Ktt»8«tt, v^n^KilaD (Laser Diode) ^SC-C3§* 

^■©tOTffcSas, CCD (Charge Coupled Device) -5^3fE©3t(J:«t 9 

KftER&jtfcH-?" 5fc<£n?*>3#, ^IPJlCcUxfi, ^-^-k^o 

£oSE*Jti^"CR*IR« r. £ small iriH" fc, *K:Sf3t©f»#*^^rfr l ft 

1 C'MOAAfllCADay^-^ 1 d# ft, R^9ffi 1 CftX'tex^ 
T 4 v> * yuft -^Si trfrfc 0 ICO V ^ T (47 r - A ? x. T J& £ 9 

<fo<5o 

*fc, B 1 te*tflHMQ.SS|S l COA^ffliJiCAD^w^-^ UH4iftl> 
*J-a-(Cf4 N r^n i/ff J; 5 ±$c/>tjU 9 tti LSB 1 e , 

tBSP 1 g & < ttra*fflM£&98lS 1 h -i t fe-ef , C©»^jci4 

(54) 
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01-52312 

^M>JPTO5H&1 f fej;u:^^^-/^fe^irtt±3^1 i £ LT<D}gifg 
Sittl:. ^7 h *rtc J: D»f^$^51f ^a—yHjfeJia«f|j 

^ai-tbf±\ El 5 Sfc^-r^y is ^jjg^^^—yn Df4> FJf^tff 

w "w &<^u "b" #fiB> z.(Dm2±m^ibr.imtmm<Dm$mic 
mm^m-3^x. m^iB^c^^xm^mm^m^m^tc^. ~imtmn(omn 

EJ 5 6 {CT^-fct 9 Id, Jb3i!i U^ciH 5 5 <DM&<m3.fr, HI 5 6 ICTjVf-J; 

i-^^-^, :7° y >- hus^v 5 ^— ;n Etc, hi 1 v m ugp i e , mm 
1 mt \^x(Dmife*ntz.^:z> 1 1 yy v v ^tk x v tw^-sit mt&m 

b -imtm a cott k *s it 3 k*i us -r 5 mm v 5 ^ 

t^^fi^tcz.t^x'o, >pt£< t hfr&m^^^xm®mmisXE.mt-tz> 
mm&xz, m(Dmmt$rM£i±xut>ii:z>zbtfx%Z)(DX\ z.tnmmt^- 
^^^(D^^mcomm^mmm^n^f^m^^mm-r^^t^x 

fe -bo 

(55) 
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- - - 3 2{jt©igteit$gT-3^ #k ~ 

[ill] 
[12] 

113] 

1114] 

[05] 
[0 6] 

(a) ~ ( c ) »4v^Tiit^llEft^lBtfc»t5^DffltS|j©|(i^|Ji«i-**. 
#><7>0-Cfo5 o " * 

[87] 

[18] 

[0 9] 

(a) ~ (c) ttV^ftfe**a»ffi©«^iLr©©.5mLa]JO»f^S:lft 
[010] 

#H»1^ *3 it 5 ® fflMSMO GB»#£t&^ t5it'$)5 0 
[011] • 

*n»s \z *5 tt s s « Mffjgcftij *im t s m -e & s „ 

[012] 
[013] 

*««{c*3ft5iifflSTO$ijii^^0^-r60T&s o 

[014] 
[015] 

#M»1B (c (t 5 jg-ft M^igfffiJ I8tt# fclftE S B -Oik * . 
[016] 

[017] 

[018] 

[019] 

[02 0] 

[02 1] 

*H1OT {Cfc (t S S! ffl g^ffiij Rftfcft f£H 5 H T'fe 5 „ 
[02 2] 

(56) 
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SSIS^* • 01-52312 

[123] 

^mmmm \z & i t sffiMSfH rb$»#«r ©»fls &k is *- s fc. * <d m -e & a . 

[024] 
[H12 5] 

33-rsfcftcDi-efcSo 

[126] 

^-TSfcftcDlT'fcSo 
[127] 

^mmmmic *$ w a MUMfifH rbik^sb osas <Dm¥&nw -r s fc * <z> 7 n 

[@2 8] 

*n &c ^ zmmmmmm <o^n <d mw- tia w 1- s it ft <n 1 -c 

<fo S 0 

[129] 
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